Objective: To understand the different methodologies used to elicit willingness to pay for health and the value of a statistical life year through surveys. Methodology: A systematic review of the literature was undertaken to identify studies using surveys to estimate either willingness to pay for health or the value of a statistical life year. Each study was reviewed and the study setting, sample size, sample description, survey administration (online or face to face), survey methodology, and results were extracted. The results of the studies were then compared to any published national guidelines of cost-effectiveness thresholds to determine their accuracy. Results: Eighteen studies were included in the review with 15 classified as willingness to pay and 3 value of a statistical life. The included studies covered Asia (n = 6), Europe (n = 4), the Middle East (n = 1), and North America (n = 5), with one study taking a global perspective. There were substantial differences in both the methodologies and the estimates of both willingness to pay and value of a statistical life between the different studies. Conclusion: Different methods used to elicit willingness to pay and the value of a statistical life year resulted in a wide range of estimates.
Introduction
The rapid pace at which discoveries in basic and clinical research are being translated into medical practice has resulted in tremendous advances in how disease is prevented, detected, and treated. To keep pace with emerging health technologies, healthcare systems and decision makers require timely information on the value of new interventions. Cost-effectiveness analyses (CEA) compare the costs and effects of two or more interventions, with the result expressed in terms of the incremental cost-effectiveness ratio (ICER). For decision making about what constitutes a cost-effective health technology, the ICER must then be compared to a prespecified referent value, or cost-effectiveness (CE) threshold. As health technology assessment (HTA) has proliferated to meet the needs of global healthcare systems, several countries use explicit or implicit CE thresholds in healthcare decision making.
The CE threshold is defined as the maximum cost per health outcome that a health system is willing to pay [1] . Whether and how to set a CE threshold has been a source of considerable debate. Central to this debate is the issue of defining an appropriate value for the CE-threshold based on opportunity costs based on either the health forgone through displacement of other-health generating interventions or the consumption value of health [2] . Three general approaches to set CE thresholds are commonly used, including per capita income based thresholds, benchmarking interventions, and league tables [3] . The World Health Organization' Choosing Interventions that are Cost-Effective (WHO-CHOICE) project recommends a threshold of less than three times the national annual gross domestic product (GDP) per capita, with interventions that cost less than once the national annual GDP per capita considered highly cost-effective [4] . In the USA, the commonly cited $50,000 CE threshold is thought to be benchmarked to the cost of treated end-stage renal disease when it became a criterion for Medicareenrollment under the Nixon administration in the 1970s [5, 6] . Both of these approaches take a consumption value of health perspective, rather than basing the threshold on the amount of healthcare resource required to improve health [2] . On the other hand, the league table approach attempts to maximize the health impact given a set healthcare budget with interventions ranked according to their ICERs. The cost-effectiveness analysis registry of Tufts Medical Center and the WHO-CHOICE league table are examples of this approach [4, 7] .
Estimates of individuals' willingness to pay (WTP) to improve their own health are often used to define the consumption value of health [2] . The measurement of WTP seeks to define social value based on revealed and stated preference approaches [5, 8] . In addition to estimates of WTP, the value of a statistical life (VSL) is a commonly used metric that examines the risk/reward trade-offs that individuals make with regard to their health. The study of the WTP and VSL is premised on the idea that health system decisions about how to allocate resources should represent societal preferences. Although the goal of WTP, VSL and CE threshold studies is often to characterize societal preferences to arrive at an acceptable value threshold, the methods for surveying individuals, including the survey instruments and the population sampled varies widely.
The VSL approach measures the WTP for an incremental change in the risk of death. In economic terms it equals the marginal rate of substitution between wealth and survival probability [9] . For example, if the WTP for risk reduction of 1/10,000 in a given period is 100 USD, the associated VSL would be 100/0.0001 = 1 million USD. One implication of this approach is the "dead anyway effect that asserts that VSL increases with baseline risk [10] . The WTP approach on the other hand directly relates to the value of a quality adjusted life year (QALY), by asking respondents how much they are willing to spend for a certain health gain in terms of quality and lengths of life [11] . Quality of life is usually measured by utility values that are in turn elicited by either standard gable or time trade off methods.
The objective of this systematic literature review is to comprehensively examine the survey methods used to estimate the VSL, WTP, or CE threshold in a global context. While several recent reviews have summarized the literature on estimating a CE threshold [12, 13] , we present a critical examination of the strengths and limitations of survey methods that incorporates an epidemiologic approach to discuss issues of sample selection and potential biases that may impact the resulting CE threshold estimate. Addressing this gap in our current understanding of methods for estimating the CE threshold is an important step towards proposing rigorous thresholds that take the diverse perspectives of individuals within a society into account.
Methods

Data sources and search strategy
Two independent searches using the PubMed resource, a service of the National Library of Medicine®, were conducted to systematically identify studies for this literature review. 
Study selection
Studies identified from the initial searches were first screened by the title of the manuscript and the contents of the abstract. The full text was then reviewed for studies with titles and abstracts that indicated that they met the inclusion criteria. Studies were excluded if during this two-step sequential screening process, it was revealed that the full text was not in English and if they did not use a survey to estimate either WTP or VSL.
Comparison of available estimates from reviewed studies to published guidance
In addition to summarizing the estimates of WTP and VSL from the studies meeting the inclusion criteria for this review, these estimates were compared to published guidance for CE thresholds. To do this, we compared the estimates from our literature review to those identified by Nanavaty et al. in their review of global CE thresholds [14] . Specifically, the reviewed study estimate was compared to the explicit or implicit countryspecific cost per QALY threshold identified by Nanavaty et al. and ranked as being above or below the published threshold. Finally, a comparison of reviewed studies that were conducted in Asian countries to the WHO-CHOICE recommended CE threshold of 1-3 times GDP per capita was conducted to show the regional variation in the consumption value of health.
Finally, all estimates in from reviewed studies were converted to US dollar values to enhance the comparability of estimates across countries and currencies. To convert currencies, the online Google Finance currency conversion tool was accessed on 7 December 2017 [15] .
Results
The initial search produced a total of 67 studies (Figure 1 ). A total of 18 studies were included in the final review after screening for content and duplicates. Of the 18 studies, 15 WTP studies and 3 VSL studies were included in the review. Studies were conducted in diverse geographical regions including Asia [16] [17] [18] [19] [20] [21] , Europe [11, [22] [23] [24] , the Middle East [25] , and North America [26] [27] [28] [29] [30] . In addition, one study by Shiroiwa et al. took a global perspective, including countries across multiple regions [31] . Table 1 outlines the results of the WTP literature search by region. Shiroiwa et al. conducted an international survey with the goal of measuring and comparing CE thresholds across countries in East Asia and the West [31] .Specifically, individuals aged 20 to 59 years were randomly sampled from internet panels in Taiwan (n = 504), Japan (n = 1,114), the Republic of Korea (n = 1,000), Australia (n = 1,000), the UK (n = 1,002), and the USA (n = 1,000). A contingent valuation survey was administered online to all participants. A bidding game was presented to elicit an individual's WTP for each question. The authors found that the cost per QALY estimated using the nonparametric Turnbull method, to obtain the nonparametric maximum likelihood estimators of the probability that the respondent will reject the bid values [32] , was JPY 5.0 million in Japan (USD $41,000 per QALY), KNW 608 million in the Republic of Korea (USD $74,000 per QALY), NT 2.1 million in Taiwan (USD $77,000 per QALY), £23,000 in the UK (USD $36,000 per QALY), AU$64,000 in Australia (USD $47,000 per QALY), and USD $ 62,000 per QALY in the USA. In terms of US$ adjusted by comparative price levels, the Republic of Korea and Taiwan had the highest WTP and no relationship between WTP per QALY and GDP per capita was observed in this international study.
Willingness to pay (WTP) studies
Of the four WTP studies conducted in Asia, two were conducted in Southern Thailand [17, 18, 20] , one in Penang, Malaysia, and Shiroiwa conducted a study in Japan [19] , distinct from the international study discussed previously. Using face-to-face interviews and a visual analogue scale and time trade-off exercise, Thavorncharoensap et al., reported a mean WTP per QALY of 59,000-285,000 baht in Thailand (USD $1,810-$8,742) for treatment and a mean WTP per QALY of 26,000-137,000 baht (USD $798-$4,202) for preventive interventions [20] . Nimdet et al., reported a mean WTP per QALY of 244,720 baht (USD $7,505) and 243,120 baht (USD $7,458) using face-to-face interviews and a visual analogue scale and a EQ-5D scale of measurement, respectively [17] . Shafie et al., conducted a cross-sectional contingent valuation face-to-face interview study in Malaysia and found a mean WTP per QALY of MYR 29,080 (equivalent to US$ 9,000) [18] . Finally, Shiroiwa et al., randomly sampled 2,400 participants from an internet panel in Japan and found a significant gradient between WTP and the severity of health state, ranging from JPY 2 million (US$ 20,000) to JPY 8 million (US$ 80,000) [19] . Five European WTP studies were included in our review. Conducting face-to-face interviews using an EQ-5D health state and a closed ended questions, Gyrd-Hansen found a WTP per QALY of DKK 88,000 (USD $13,968) [24] . Bobinac et al. used an online questionnaire with a representative sample of participants in the Netherlands (n = 1,091) and estimated a WTP per QALY of 12,900 Euros (USD $15,219) using a visual analogue scale and 24,500 Euros (USD $28,905) based on the EQ-5D valuation of health states [23] . In a study across several European countries, Robinson et al. used a standard gamble and time trade-off, followed by a chained approach of presenting a monetary value to avoid some risk/duration. They estimated a WTP per QALY ranging from US$18,247 to US$ 34,097 [33] . Martin-Fernandez conducted a contingent valuation exercise with a convenience sample of 662 participants aged 18 years or older in Madrid Spain using the EQ-5D to elicit WTP per QALY [11] . Mean WTP per QALY was estimated to be 10,119 Euros (USD $11,938) when subjects estimated WTP from personal money versus 28,187 (USD $33,255) when WTP per QALY was estimated from taxes. Finally, Ahlert et al., conducted a comparative methodological study of WTP in Germany with the goal of understanding how the method of administration and wording of the questionnaire, including the emphasis placed on the hypothetical health state, impacted the WTP estimate [22] . Based on various framing techniques, the WTP per QALY ranged from 8,580 Euros to 18,420 Euros (USD $10,123 -$21,732).
One study was conducted in the Middle East. Using a double-bounded dichotomous face-to-face interview survey amongst 149 diabetic patients in Tehran, Iran, Moradi et al. estimated a mean WTP per QALY of US$ 2,107 -US$ 4,453 [25] .
Four WTP studies were conducted in North America, all in the USA. Byrne et al. randomly selected 193 adults in Harris County, Texas and conducted a telephone survey followed by a face-to-face interview to estimate WTP per QALY [26] . Using an open-ended question to elicit preferences, they found a mean WTP ranging from USD $1,221-$5,690. Franic et al. used a bidding game conducted in face-to-face interviews in convenience sample of 146 women and reported WTP ranging from USD $187 -$408 for post-chemotherapy treatment toxicity and USD $11,757 -$23,033 for avoidance of various breast cancer scenarios [27] . Ultimately, Franic et al. concluded that the QALYs were a poor predictor of WTP in this study. Lieu et al. conducted an internet based survey using time trade-off and WTP questions among a nationally representative survey research panel (n = 478). They estimate a mean WTP per QALY USD $26,000 -$45,000 [29] . Finally, Haninger sampled 2,858 randomly selected US adults and attempted to elicit WTP using a double bounded dichotomous choice method [28] . Ultimately, the authors concluded that participants did not have a constant rate of WTP per QALY when valuing acute foodborne illness.
Value of a statistical life (VSL) studies
Only three VSL studies with survey methods were uncovered during our review (Table 2) [16, 21, 30] .
Of these, two were conducted in Asia and one in the USA. Lee et al. used online survey methods, employing a double-bounded dichotomous choice experiment among 1,434 people living in large Korean cities [16] . The authors estimated a VSL of 796 million KRW per person (USD $728,271). Yang et al. conducted a face-toface stated preference experiment among 1,277 motorists and non-motorists in Nanjing, China to investigate travelers' willingness to pay for traffic risk reduction and found that VSL was estimated at mean value of CNY 3,729,493 (USD $563,367) and CNY 2,181,592 (USD $329,536) for motorists and non-motorists, respectively [21] . In the USA, Muller et al., conducted a stated preference experiment among 77 undergraduate students [30] . They estimated a value of US$ 5,100,000 when extending willingness to pay of $180 per year for an implied level of fatality risk reduction across the expected life course.
Comparison of reviewed studies to published guidance Table 3 compares the results from our reviewed studies to available published thresholds identified by Nanavaty et al. Of the studies identified in our review that were conducted in countries with established CE thresholds identified by Nanavaty et al., the WTP estimates were all under the published thresholds [11, 23, 26, 29, 31, 33] .
Using the WHO-CHOICE recommendation that interventions with a cost per QALY of less than 3-times GDP be considered cost-effective, Table 4 explores the results from WTP and VSL studies conducted in Asian countries that were included in our review in comparison to the WHO-CHOICE recommendation for GDP in 2016 [44] .
Discussion
Out of a total of 18 studies reviewed across five global regions, we found enormous variation in WTP and the estimated VSL both within countries and across regions. In the US alone, estimates ranged from US$ 1,221 when and open ended question about osteoarthritis health states in the small study by Byrne et al. [26] to US$ 62,000 in the international study by Shiroiwa et al. [31] . Within Asia, we also find substantial variation in WTP, with Japanese estimates ranging from JPY 8 million to JPY 2 million, again based on the severity of the health state [19] . Overall, from this review, it is clear that regional CE thresholds are difficult to determine from available evidence. Instead, we focus on how the choice of method impacts the WTP and VSL estimates and provide some context of how the estimates in studies reviewed here compare to the guidance of the WHO that the CE threshold be 2-3x GDP and other published thresholds.
Methodologic issues in estimating the cost effectiveness threshold from willingness to pay and value of a statistical life studies
There are several methodological issues that should be considered in estimating the CE threshold from available evidence. From an epidemiologic perspective, the strength of the evidence can be assessed using several key parameters.
Sample selection and study population
The sampling frame, sample size, and characteristics of the final sample are all important considerations. Mean age and the percentage of respondents that were male are shown in Table 1 . A common method of identifying participants for WTP and VSL studies is to randomly select individuals from established internet panels. This method offers the convenience of reaching potentially large numbers of individuals, but it is important to consider how representative the sample obtained is compared to the general population. Often online surveys can skew towards a younger population than the general population. While the majority of studies reported basic demographic information for the respondents, verification of this information in onlinebased studies is limited. This can be accomplished by comparing the demographics of the sample population to the demographics of the entire internet panel and to the demographics of the geographic region or country over which the results of the study are to be applied. This is especially important in the context of income. Across studies included in this review, variation in WTP and VSL estimates occurred by participants' income level, with higher income participants putting higher values on smaller incremental differences in health states. It is also important to consider the age of the sample. Results from younger participants tend to estimate higher CE thresholds, at least in the USA, as seen by the study of undergraduate students conducted by Muller et al. [30] .
Randomly sampling a representative sample of participants from the general population is likely to return very different results from sampling patients with a specific health condition. While sampling patients with a specific health condition may be useful for health care decision makers wanting to understand how their decisions will impact those most effected, setting a general CE threshold using this method is not recommended for several reasons. In this review, Moradi et al. was the only study included that used this sampling method, enrolling and surveying diabetic patients. They found a WTP value of US$ 4,453, substantially lower than the WHO recommendation of 2-3x GDP. It is possible that lower threshold values will be obtained from disease patients because of a biased perspective when estimating utility from improvements in health states [25] .
Mode of survey administration
Of the included studies with surveys, 43% (n = 6) were administered online, 50% (n = 7) were administered using face-to-face interviews, and 7% (n = 1) included both online and face-to-face interviews. Interestingly, Ahlert et al. reported that the survey setting (online versus face-to-face) changed the WTP estimate substantially, with participants receiving the face-to-face survey reporting a WTP per QALY of 18,420 Euro, compared to 10,892 Euro WTP per QALY when the same survey was administered online [22] . While it is possible that the human interaction of face-to-face interviews evokes a higher WTP, other studies using face-to-facemethods still found WTP ratios that were considerably lower than the 2-3x GDP threshold [11, 18, 20, 26] . This result was consistent across regions. Given the higher cost and resource burden of face-to-face compared to online surveys, trade-offs between the potential to obtain a larger, potentially more representative sample of participants in online surveys and the suggestion that face-to-face interviews may increase WTP should be considered.
Survey methods
Methods to elicit WTP and VSL also varied across studies and regions. Contingent valuation methods, including bidding games and discrete choice experiments (double-bounded dichotomous choice) were used alone or paired in several studies. The results of these studies may be quite sensitive to the valuation of the health states based on the specific scenarios presented. For example, Haninger concluded that WTP could not accurately be estimated because of large differences when the health states presented were about chemotherapy toxicity versus breast cancer cures [28] .
Health states
Within the studies there were different strategies used in regards to the health states presented to survey respondents. The differences in health states were mainly driven by study design and methodology. Shiroiwa et al. determined that involving specific health states and descriptions of the health states confused respondents [31] . Without specific health states respondents were simply asked how much they were willing to pay for one additional year of perfect health [31] . In other studies, such as the later study by Shiroiwa et al. in Japan, there were health states provided to respondents based on EQ5D scores. This mix of the inclusion and exclusion of health states in studies, as well as the variability in the specific health states from study to study makes comparing across studies difficult [19] .
With the growing cost of new health technology, health care decision makers around the world must make difficult decisions about what constitutes reasonable value for money. The considerable variation in each countries' available resources, as well as the relative cultural value placed on health, warrants countryspecific CE thresholds. However, few countries explicitly state a CE threshold. In accordance with WHO-CHOICE recommendations, the most commonly cited CE thresholds are those based upon a country's per-capita GDP and the estimate of the economic value of a year of healthy life from the Commission on Macroeconomics and Health [45] . Specifically, economists from the WHO-CHOICE project recommend a CE threshold <3xGDP [4] . These thresholds, explicit or implicit, are overwhelmingly elicited to reflect the consumption value of health, rather than to reflect the opportunity costs of healthcare spending. Woods et al. argue that setting a CE-threshold in which the consumption value of health does not equal the amount of health care resource required to improve health is a sign that the healthcare system may not be meeting individual preferences [2] . Our results suggest that using WTP to estimate the consumption value of health may often result in lower valuation than the currently available thresholds, but that this is sensitive to the sociodemographic characteristics of the surveyed population.
In addition to the WHO-CHOICE threshold, several countries have published ICER thresholds. The review by Nanavaty et al. conducted in 2015 identified published thresholds in Australia, Canada, Ireland, the Netherlands, New Zealand, Spain, the UK, and the USA [14] . Although many of the studies identified in our review were conducted in Asia, no published CE thresholds exist specific to Asian countries. However, the results from the WTP studies in Asia, presented in Table 1 , show that the methods used to elicit the societal WTP come in below the WHO-CHOICE threshold for all countries except for Korea. Shiroiwa et al. discuss their findings from the Korean study of WTP and comment that this may be a true representation of social and cultural values in Korean society [31] .
This review contributes important information about the global measurement of WTP and VSL studies. Unlike other recent reviews, the focus of this project was to critically evaluate how the sample, mode of administration, and survey methods can influence CE estimates. The results of this review should be interpreted in the context of a few important limitations. First, we restricted the review to English language articles with full text available in PubMed. In addition, the published estimates vary across time and place, making a direct comparison of published estimates difficult. Another limitation of this study is that we converted each study to USD based on an exchange rate at a given time even though the studies were completed at different time points.
We suggest future researchers build on the results and shortcomings of this study. While we acknowledge that the number of VSL studies (3) is fewer than WTP studies (15) , both of these concepts play an important role in policy decisions, so we chose to include both in this review. Additional VSL studies are needed to help policy-makers with their decisions. Also, we believe the methodological differences can only explain part of variation of results. Other issues, such as heterogenous sampling populations, could also impact the results. As such, we believe users of these studies should perform sensitivity and scenario analyses around the thresholds implied.
In summary, this review provides important evidence that different methods used to elicit WTP and VSL lead to a wide range of different values. In addition, the values from the reviewed studies also highlight the substantial global heterogeneity in the consumption value of health, suggesting that the individual preferences elicited incorporate additional costs that fall on consumption opportunities outside of health. As noted by Woods et al., this valuation of the opportunity cost of funding additional interventions is fundamentally different from estimating the opportunity costs in terms of health forgone when all costs fall on healthcare budgets [2] . Given this wide variation and uncertainty in estimates of WTP and VSL across studies, and the fact that that no accepted gold standard for setting the CE threshold exists, it is possible that alternative methods should also be considered when making pricing and reimbursement decisions. The implications could be significant because technologies in question might be considered cost-effective or not cost-effective based on the studies referenced. Future methodologic development and review of alternative methods, including multicriteria decision modeling as well as CE thresholds using estimates of the marginal productivity of healthcare spending are needed to inform healthcare decision making.
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